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The constituents of an ice cream mix are known to have a 
marked effect upon the properties of ice cream. The object of 
this investigation was to determine the effect of variable incre-
ments of sucrose and dextrose sugars in a mix frozen in dif-
ferent types of freezers and drawn at different temperatures. 
A few of the more pertinent investigations bearing on this prob-
lem are mentioned. 
LITERATURE REVIEW 
Trebilcock (1) states that both sucrose and dextrose produce 
very nearly the same amount of energy per unit weight. How-
ever, dextrose is a sugar which is directly assimilated without 
digestive effort while sucrose has to be broken down into 
simple sugars before it can be assimilated. 
Frandsen, Rovner, and Luithly (2) replaced 50 per cent of 
cane sugar with corn (dextrose) sugar and observed its effect 
upon the sweetness, flavor, and body of the ice cream. Ruehe (3) replaced 25 to 40 per cent of the cane sugar in the ice cream 
mix with corn sugar. He limited the amount of corn sugar used 
at that time because it was not of such high purity as of today 
and sometimes produced an undesirable flavor . 
Newkirk (4) stated that dextrose is in certain respects 
superior to cane sugar for manufacturing purposes because it 
gives a better body without making the ice cream too sweet. 
Turnbow and Raffetto (5) recommend the use of d"extrose as a 
means of increasing the total solids content of ice cream without 
making the product too sweet. 
Combs and Bele (6) reported that ice cream containing 
cerelose must be frozen at a lower hardening temperature and 
that a lower serving temperature is also necessary and Combs (7) found that ice cream containing cerelose or various combina-
tions of sucrose and cerelose required a longer time to reach 
the hardening room temperature than did the ice creams con-
taining only sucrose. 
Erb (8) and Combs and Bele (9) . studied the effect on lactose 
crystallization of dextrose, invert, and maltrose sugars in the 
percentages commonly used in ice cream mixes and reported 
that sandiness was not inhibited by these sugars. Anthony and 
•This investigation has been aided in part by a gra11t from the Corn Products Sales Company and appreciation is expressed for such assistance. 
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Lund (10) reported, that while the presence of dextrose in the 
ice cream does not prevent the formation of lactose crystals, it 
does prevent their formation in such size as to give the effect 
of sandiness. 
Mack (11) suggested that a crumbly body may be prevented 
ir:i high butterfat ice creams by increasing the sugar content to 
16 or 17 per cent and recommends the substitution of corn sugar 
for 3 or 4 per cent of the cane sugar if the taste is excessively 
sweet. 
Corbett and Tracy (12) observed that when 25 per cent of 
sucrose is replaced with dextrose the drawing temperature of 
the ice cream will be approximately one degree lower and that 
slightly more sandiness developed in the all-sucrose ice cream 
than in the ice creams containing dextrose. They compared 
different types of dextrose sugars and found that approximately 
the same results were obtained with each. Their observations 
showed a slight tendency for dextrose to reduce foe mix vis-
cosity and pH, and slightly increase the titratable acidity. Cor-
bett and Tracy (13) also state that the body of the dextrose ice 
creams frozen on the Vogt continuous freezer are heavier than 
those of the all sucrose products and that the difference can be 
minimized by reducing the gelatin content of the dextrose mixes. 
They report that when one-fourth of the sucrose in ice cream 
was replaced with hydrous dextrose the body of the ice cream 
was much preferred to the body of the all-sucrose ice cream. 
In flavor and sweetness the all-sucrose ice cream was preferred 
by the greater number of consumers. The ice creams containing 
dextrose when dipped at a temperature of 4 degrees Fahrenheit 
lower than ice creams containing only sucrose gave comparable 
iipping losses. They also found that there was an average of 2 
or 3 per cent greater melt down with the dextrose ice creams 
than with the all-sucrose ice creams. The character of the melt 
down was about the same in both cases. Tracy (14) further 
reports that ice cream containing sweetose is noticeably smoother 
in body than is all-sucrose ice cream due to the additional solids 
present. 
PROCEDURE 
The ice cream mixtures used in this study were made from 
the following ingredients sweet cream, skimmilk, skimmilk 
powder, gelatin, cane sugar, and dextrose sugar. 
All experimental mixes were prepared in quantities of five 
hundred pounds. The mixes were pasteurized at 150 degrees 
Fahrenheit for 30 minutes, homogenized on a two-stage homog-
enizer at a pressure of 2500 pounds, 1500 on the first stage and 
1000 pounds on the second stage, cooled to 40 degrees Fahrenheit 
and aged overnight. 
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A portion of each mix was frozen on a Vogt continuous 
freezer and another portion on a direct-expansion batch freezer. 
The drawing temperature of each mix was varied so that samples 
were drawn from the continuous freezer at 24 degrees Fahren-
heit and at 22 degrees Fahrenheit. Samples were drawn from 
the batch freezer at 26 degrees Fahrenheit and at 24 degrees 
Fahrenheit. However, the desired overrun could not be obtained 
at a drawing temperature of 26 degrees Fahrenheit when 10 
per cent sucrose and 5 per cent dextrose was used in the mix, 
and it was necessary to lower the drawing temperature for the 
last two series to 25 degrees and 23 degrees Fahrenheit. 
The pH of the mixes was determined on a Beckman glass 
electrode pH meter. Acidity as determined by titration with 
N/10 sodium hydroxide is expressed in per cent lactic acid. 
The specific gravity was obtained by use of a W estfal balance 
and the viscosity was determined by the use of an Ostwald 
viscosimeter. Butterfat and total solids determinations were 
made by the Mojonnier method. 
The ice creams were judged for flavor, body, and texture. 
Five gallons of ice cream representing each variation in mix 
composition and each variation in freezing procedure were dip-
ped at each of three temperatures. The temperatures used were 
4, 8, and 12 degrees Fahrenheit. 
Still and motion pictures were used as a means of recording 
the meltdown characteristics of the various ice creams. Photo-
graphs of the broken surface of the various samples of ice 
cream were made in order to show texture differences. 
The crystalline structure of the various ice creams was 
observed under the microscope and photomicrographs were 
made. Thin sections of ice cream were mounted in an oil im-
mersion, and the photomicrographs were taken under the low-
power objective with a magnification of lOOx. 
A method was developed for measuring the hardness of ice 
cream to determine the optimum conditions for dipping. 
Considerable work was done in measuring the pounds pres-
sure required for insertion of the plunger into various ice 
creams at different temperatures, and it was observed that 
slight variations in the temperature of the ice creams were 
responsible for a considerable difference in hardness. Although 
considerable data were obtained, it was considered to be of a 
preliminary nature. 
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EXPERIMENT AL DA.TA 
Table 1 shows the composition of the four different ice 
cream mixtures used in this investigation. 
TABLE l. THE COMPOSITION OF THE DIFFERENT ICE CREAM MIXTURES 
Serles Per Cent Per Cent Per Cent l?~r C~nt SJ.!Or Per Cent 
Number Fat Serum Solids Total Solids Sucrose Dextrose Gelatin 
12 11 37.44 15 0 0.2 
2 12 11 37.85 12 3 0.2 
12 11 37.83 10 0.2 
10 13 37.75 10 5 0.2 
Table 2 shows the chemical and physical properties of the 
different ice · cream mixtures. The per cent titratable acidity 
was the same in the first three mixes, but in mix 4 there was a 
slight increase due to the higher serum solids content. Although 
there is a considerable variation in the pH of the mixes, this 
variation is not greater than that which might be expected as 
being due to normal differences in ingredients used. The specific 
viscosity varied from 3.84 to 6.51 and the difference was ap-
parently due to the difference in butterfat percentage. There 
was no significant variation in specific gravity. 
TABLE 2. THE CHEMICAL AND PHYSICAL PROPERTIES OF THE DIFFER-
ENT ICE CREAM MIXTURES 
Series Acidity Viscosity Specific 
Number .Per Cent pH Speci~ic Gravity 
1 0.24 6.47 6.51 1.1000 
2 0.24 6.30 5.68 1.1013 
3 0.24 6.36 5.80 1.1006 
4 0.28 6.23 3.84 1.1064 
Table 3 shows the drawing temperatures and overruns of 
ice cream frozen in the batch freezer. Three batches of each 
of the four ice cream mixtures were frozen at each of the draw-
ing temperatures. The ice creams frozen in the continuous 
freezer were drawn at 100 per cent overrun and at drawing tem-
peratures of 24 and 22 degrees Fahrenheit. 
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TABLE 3, CONTROL OF DRAWING TEMPERATURE AND OVERRUN OF 
THE ICE CREAMS FROZEN IN THE BATCH FREEZER 
High !:!uwing I!lmQ!lrature I..2w J;2raYling I!lm12eratur!l 
Drawing Drawing 
Batch Temperature Overrun Temperature Overrun 
Number Degrees F. Per Cent Degrees i:;. Per Cent 
S1:ri1::; 1 
1 26. 00 100 24.00 100 
2 26.00 100 24.00 100 
3 26.25 100 24.00 100 
S!lri!li> ~ 
1 26,00 95 23.75 100 
2 26. 00 95 23.75 100 
3 26.00 95 24.00 100 
S1::ri!l:i 3 
1 25.00 100 23.00 95 
2 24.50 100 23.00 100 
3 25.00 100 23.00 96 
Series 4 
1 25.00 94 23.00 100 
2 25.00 95 22.50 96 
3 24.50 96 23.00 95 
The Relation of Variable Increments of Dextrose and 
Different Serving Temperatures :to the Flavor, Body, 
and Texture of :the Ice Cream 
7 
There was no important difference in the flavor of the ice 
creams within each series, however, there was some difference 
in the flavor between the different series. The ice cream of Series 
3, containing 5 percent dextrose, was less sweet than the ice 
creams containing all sucrose or sucrose and 3 per cent of dex-
trose. The ice cream of Series 4, containing 10 per cent butter-
fat, 13 per cent serum solids, and 5 per cent dextrose lacked to 
a mild degree the fullness of flavor of the ice creams of the other 
· three series. 
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TABLE 4, THE EFFECT OF DIFFERENT TYPE FREEZERS AND DRAWING TEM-
PERATURES ON THE FLAVOR, BODY AND TEXTURE OF ICE CREAMS 
CONTAINING VARIABLE INCREMENTS OF DEXTROSE AND SERVED AT 
4 DEGREES FAHRENHEIT. 
Drawing 
Type Temperature Dextrose Butterfat Flavor Body Texture 
Freezer Degrees F. Per C~t Per Cent Observations Observations Observations 
B* 26 0 12 Submerged· Coarse Open 
B 24 0 12 Slightly Smooth Close 
submerged 
C* 24 0 12 Desirable, Smooth, Close 
mild mellow 
c 22. 0 12 Desirable, Smooth, Close, 
mild mellow very close 
B 26 3 12 Submerged Coarse Open 
B 24 3 12 Desirable Smooth Close 
c 24 3 12 Desirable Smooth, Close 
mellow 
c 22 3 12 Desirable Smooth Close to 
mellow very close 
B 25 5 12 Medium Coarse to Open 
sweetness smooth 
B 23 5 12 Medium Smooth Close 
sweetness 
c 24 5 12 Medium Smooth Close 
sweetn.ess 
c 22 5 12 Medium Smooth, Very close 
sweetness mellow 
B 25 5 10 Slightly Si.coarse Medium 
lacking to smooth close 
B 23 5 10 Slightly Smooth Close 
lacking 
c 24 5 10 Slightly Smooth Close 
lacking 
c 22 5 10 Slightly Smooth, Close 
lacking mellow 
*B =Batch 
C = Continuous 
The ice creams in this investigation were judged at three 
serving temperatures of 4, 8, and 12 degrees Fahrenheit as shown 
in Tables 4, 5, and 6. The flavor of ice creams served at 4 degrees 
Fahrenheit were partially submerged as compared to the same 
ice creams when served at 8 and 12 degrees Fahrenheit. There 
was no marked difference in flavor of the ice creams when served 
at 8 and 12 dgrees Fahrenheit. There was no apparent difference 
in the body and texture of the ice creams when served at the 
different temperatures except that at 12 degrees the ice cream 
containing 5 per cent dextrose, 10 per cent fat, and 13 per cent 
serum solids was somewhat soft. 
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TABLE 5. THE EFFECT OF DIFFERENT TYPE FREEZERS AND DRAWING TEMPERATURES ON THE FLAVOR, BODY, AND TEXTURE OF ICE CREAM CONTAINING VARIABLE INCREMENTS OF DEXTROSE AND SERVED AT 8 DEGREES FAHRENHEIT. 
Drawing 
Type Temperature Dextrose Butterfat Flavor Body Texture Freezer Dea;rees F Per Cent Per Cent Qbse ryations Obseryations Observations 
B* 26 0 12 Desirable Coarse Open 
B 24 0 12 Desirable Smooth Close 
C* 24 0 12 Desirable Smooth, Close 
mellow 
c 22 0 12 Desirable Smooth, Close to 
mellow very close B 26 3 12 Desirable Coarse Open 
B 24 3 12 Desirable Smooth Close 
c 24 3 12 Desirable Smooth, Close 
mellow 
c 22 3 12 Desirable Smooth, Close to 
mellow very close B 25 5 12 Sl. lacking Coarse to Sl. open 
sweetness smooth 
B 23 5 12 Sl. lacking Smooth Close 
sweetness 
c 24 5 12 Sl. lacking Smooth Close 
sweetness 
c 22 5 12 SI. lacking Smooth, Close 
sweetness mellow 
B 25 5 10 Medium Sl. coarse Medium 
full to smooth close B 23 5 10 Medium Smooth Close 
full 
c 24 5 10 Medium Smooth Close 
full 
c 22 5 10 Medium Smooth, Close 
full mellow 
*B ~Batch 
C = Continuous 
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TABLE 6. THE EFFECT OF DIFFERENT TYPE FREEZERS AND DRAWING TEM-
PERATURES ON THE FLAVOR, BODY, AND TEXTURE OF ICE CREAM 
CONTAINING VARIABLE INCREMENTS OF DEXTROSE AND SERVED AT 
12 DEGREES FAHRENHEIT. 
Drawing 
Type Temperature Dextrose Butterfat Flavor Body Texture 
Freezer Degrees F; Per Cent Per Cent . Observations Observations Observations 
B* 
B 
C* 
c 
B 
B 
c 
c 
B 
B 
c 
c 
B 
B 
c 
c 
26 
24 
24 
22 
26 
24 
24 
22 
25 
23 
24 
22 
25 
23 
24 
22 
0 
0 
0 
0 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
10 
10 
10 
10 
Pronounced 
Pronounced 
Desirable 
Desirable 
Desirable 
Desirable 
Desirable 
Desirable 
Sl. lacking 
sweetness 
Sl. lacking 
sweetness 
Sl. lacking 
sweetness 
Sl. lacking . 
sweetness 
Medium full 
Medium full 
Medium full 
Medium full 
Coarse 
Smooth 
Smooth, 
mellow 
Smooth, 
mellow 
Coarse 
Smooth 
Smooth, 
mellow 
Smooth, 
mellow 
Coarse 
to smooth 
Smooth 
Smooth 
Smooth, 
mellow 
Sl. smooth, 
soft 
Smooth, 
soft 
Smooth, 
soft 
Smooth, 
soft · 
Open 
Close 
Close 
Close to very 
close 
Open 
Close 
Close 
Close to very 
close 
Sl. open 
Close 
Close 
Close 
Medium 
close 
Close 
Close 
Close 
*B ~Batch 
C ~ Continuous 
The Relation of Different Types of Freezers ~nd Dif-
ferent Drawing Temperatures :to :the Body and 
Texture of the Ice Creams 
It was uniformly true of all series that there was a pro-
gressive improvement from a coarse body and open t exture in 
the case of ice cream frozen in the batch freezer and drawn at 
26 degrees Fahrenheit to a smooth body and fine texture in the 
ice cream frozen in the continuous freezer and drawn at 22 
degrees Fahrenheit. The ice cream frozen in the continuous 
freezer and drawn at 24 degrees Fahrenheit had a slightly 
smoother. body and finer texture than ice creams frozen in the 
batch freezer and drawn at the same temperature. 
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It was also' observed that, when consumed at the lower 
serving temperature, the ice creams frozen in the batch freezer 
gave a more severe cold shock and thus submerged the flavor of 
the product more than when the ice cream was frozen in the 
continuous freezer. However, there was no marked difference 
in the flavor of the ice cream served at 8 and 12 degrees Fahren-
heit irrespective of the freezer in which they were frozen pro-
vided the drawing temperature was 24 degrees Fahrenheit 
or lower. 
The Relation of Different Types of Freezers and Different 
Drawing Temperatures :to the Macroscopic Appearance 
of Ice Creams Containing Variable Increments 
o.f Dextrose 
Macroscopic photographs of the broken surfaces of each of 
the ice creams are shown in Figure 1. It is very apparent that 
decreasing the drawing temperature definitely improves the 
texture of the ice creams when frozen in the batch or continuous 
type of freezer. An examination of the four series shows that 
in each series there is an observable difference in the appear-
ance of the ice creams frozen in the batch freezer and drawn 
at 25 or 26 degrees Fahrenheit and those frozen in the continu-
ous freezer and drawn at 22 degrees Fahrenheit. 
The differences in the ice creams frozen in the batch freezer 
and drawn at different temperatures are quite noticeable as the 
texture of the ice creams drawn at 24 degrees Fahrenheit is 
closer than the ice cream drawn at 26 degrees Fahrenheit al-
though this improvement is not so apparent in the ice cream 
of lower butterfat content. The ice creams containing 3 and 5 
per cent of dextrose appear to have a finer texture than the 
ice cream containing only sucrose. 
This improvement in the texture resulting from a decrease 
in the drawing temperature was noticeable in the ice creams 
frozen in the continuous freezer containing only sucrose, sucro$e 
and three and five per cent dextrose respectively, when the draw-
ing temperature was decreased from 24 to 22 degrees Fahrenheit. 
The ice creams in Ser;ies 2 and 3 and frozen in the batch 
freezer show a significant improvement in texture when com-
pared with ice creams in Series 1. This same improvement is 
noticeable of ice creams in the same series frozen in the con-
tinuous freezer and becomes more apparent with a decrease in 
the drawing temperature as the addition of dextrose depresses 
the freezing point of the mix. The extremely fine texture of 
the ice cream containing 15 per cent sucrose b.ut no dextrose and 
drawn from the continuous freezer at 22 degrees Fahrenheit may 
be due to the fact that this mix had a higher freezing point than 
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12% Fat 
11 % Serum Solids 
15% Sucrose 
0% 
_._ 
Freezer 
26 Degrees F. 
I 
~ 
A 
Batch Freezer 
24 Degrees __ F. 
c -onfinuous Freezer 
I 
- - -Continuous Freezer 
22 Degrees F. 
12% Fat 
11 % Serum Solids 
12% Sucrose 
3% 
Fig. 1.-The effect of different types of freezers and different drawing 
temperatures on the texture of ice cream containing variable increments of 
dextrose. 
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Batch Freezer 
Degrees 
Continuous Freezer 
• J(' 
Continuous -Freezer 
22 Degrees F. 
10% Fat 
13% Serum Solids 
10% Sucrose 
5% Dextrose 
13 
Fig. 1.-(Cont'd.)-The effect of differ ent types of freezers and different 
drawing temperatures on the texture of ice cream containing variable incre-
ments of dextrose. , 
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the mixes containing dextrose and consequently there was a 
larger percentage of water frozen at the drawing temperature of 
22 degrees Fahrenheit. 
The Relation of Different Type Freezers and Different 
Drawing Temperatures to :the Dipping Properties 
of Ice Creams Containing Variable Increments 
of I?extrose 
Ice creams from each series and frozen by each variation 
in freezing procedure were dipped at each of the three serving 
temperatures. The number of dishers and the average weight of 
these dishers obtained are shown in Table 7. The data show no 
definite trend in the number of dishers or average weight of 
the dishers in relation to the variation in dextrose content or in 
relation to the different type freezers and drawing temperatures 
used. Although there is some variation in the average weight 
of the dishers of ice cream, it d9es not follow a definite trend 
except that as the serving temperature is increased from 4 to 8 
degrees and from 8 to 12 degrees Fahrenheit there is a gradual 
increase in the aver~ge weight of the dishers. 
TABLE 7. THE EFFECT OF DIFFERENT TYPE .FREEZERS AND DIFFERENT DRAWING TEMPERATURES 
. ONT.HE DIPPING PROPERTIES OF ·rcE CREAMS CONTAINING VARIABLE INCREMENTS OF 
DEXTROSE 
Serying Temperature in Degrees Fahrenheit 
Weight of Weight of Weight of 
Drawing Dextrose Number Average Number Average Number Average 
Serles Type Temperature Content of Disher of Disher of Disher 
Number Freezer pegrees F Per Cent Di she rs Ounces Dishers . Ounces Dishers Ounces 
Batch 26 0 251 1.353 227 1.482 216 1.569 
2 Batch 26 3 248 1.439 230 1.517 218 1.608 
Batch 25 5 245 1.388 237 1.435 226 1.518 
4 Batch 25 •5 237 1.500 239 1.494 230 ·1.548 
Batch 24 0 257 1.444 231 1.550 226 1.546 
2 Batch 24 3 227 1.511 221 1.523 215 1.577 
Batch 23 242 1.446 239 1.460 ~27 1.553 
4 Batch 23 232 1.483 224 1.531 223 1.531 
Continuous 24 0 252 1.482 228 1.533 225 1.636 
2 Continuous 24 3 232 1.513 230 1.504 221 1.593 
3 Continuous 24 5 236 1.443 231 1.485 201 1.662 
4 Continuous 24 228 1.504 228 1.522 211 1.618 
Continuous 22 0 247 1.466 233 1.513 218 i ,649 
2 Continuous 22v 235 1.479 222 1.568 215 1.658 
3 Continuous 22 235 1.434 232 1.438 208 1.668 
4 Continuous 22 5 220 1.534 216 1.588 201 1.649 
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The Relation of Different Type Freezers and Different 
Drawing Temperatures to the Stability of Ice 
Creams Containing Variable Increments 
O·f Dextrose 
15 
The stability of the ice creams containing 15 per cent sucrose 
and no dextrose are shown in Figure 2. The ice cream frozen 
in the batch freezer and drawn at 26 degrees Fahrenheit appears 
to be the least stable. The ice creams drawn at 24 degrees 
Fahrenheit from the two freezers are about the same in stability 
and intermediate between the least stable and the most stable 
of the ice creams. The ice cream frozen in the continuous freezer 
and drawn at 22 degrees Fahrenheit is the most stable of the 
ice creams in this series. The differences in stability of the ice 
creams may be attributed to differences in ice crystal and air 
cell size. The ice cream which had the least stability had a 
coarse body and large ice crystals while the ice cream which 
was the most stable had a smooth body, and a fine texture with 
small ice crystals and air cells. 
The stability of the ice creams containing 12 per cent sucrose 
and 3 per cent dextrose is shown in Figure 3. After being 
exposed for 40 minutes there was not much difference in the 
stability of the ice creams, however, after an exposure of 80 
minutes the ice cream frozen in the batch freezer and drawn at 
24 degrees Fahrenheit appeared to be the most stable. The ice 
cream frozen in the continuous freezer and drawn at 24 degrees 
Fahrenheit appeared to be the least stable. The ice cream 
frozen in the batch freezer and drawn at 26 degrees Fahrenheit 
and the ice cream frozen in the continuous freezer and drawn 
at 22 degrees Fahrenheit had about the same stability. 
Figure 4 shows that the ice creams containing 10 per cent 
sucrose and 5 per cent dextrose have the same relative stability 
as the ice creams containing 12 per cent sucrose and 3 per cent 
dextrose irrespective of the time exposed. An increase in the 
serum solids and decrease in butterfat of two per cent in ice 
creams containing 5 per cent dextrose and 10 per cent sucrose, 
Figure 5 had no apparent effect on the relative stability of the 
ice creams when compared with Figures 4 and 5. 
· The meltdowns of all four series, after the ice creams had 
been exposed 80 minutes, is shown in Figure 6. This comparison 
of the different series shows that the ice cream containing 15 
per cent sucrose and no dextrose is somewhat more stable than 
the ice creams containing different increments of dextrose. 
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'"'' '24-'F tbi .. L _CO:>iT I:'>ClllS . ···· ---
Original Ice Cream Exposed 20 Minutes 
VARI ABLE DEXTROSE CO'.\TE\TS 
nLYI an.;,1 11·. 
~ ' 'Cf{l'l~l !~ 
Minutes Exposed 60 Minutes 
Exposed 80 
Fig. 2.-The effect of' different types of freezers and different drawing 
temperatures on the stability of ice cream containing 15% sucrose and 
no dextrose. 
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Original Ice Cream Exposed 20 Minutes 
•.· \r ARIAS.LE DEXTROSE CONTENT$ : 
IJIXl~ (M . .!' . 
t,,,, l 'l IU ~E I!: 
Exposed 40 Minu:l:e1 
Exposed 80 Minutes 
Fig. 3.-The effect of different types of freezers and different drawing 
temperatures on the stability of ice cream containing 12% sucrose and 3% 
dextrose. 
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Exposed 20 Minutes 
Exposed 40 Minutes Exposed 60 
Fig. 4.-The effect of different types of freezers and different drawing 
temperatures on the stabil.ity of ice cream containing 10% .. sucrose and 5% 
dextrose. 
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Original Ice Cream Exposed 20 Minutes 
, · VA:RJA$.E l>E\TRC~E ci.i\i·i:\rs \,.\~IAB!£ lll:XTROSE co:vn!NTS 
24'F 
t n: \. l lV~} 
. .;1:1 th"~~ 
i\ITl l JH\ I ~; 1;! \ l, i.1.1i !I '~ 
1 · .~1." 11" 1 · ~.1~. - '---------
Ul· .'.··t1n t.I· :,· 
o.;1r111 1.,,J 
i•.t" 1 ·11 ~. I ~I .:" 
Exposed 40 Minutes Exposed 60 Minutes 
VA!'ifABL:E OEXTR< l!\!! CONTENts . 
ll~ \ j f{4J'oll·. ~: 
" 11 :10 1'!1· 11r. 
\1 \11 11 t Ui·.t:.11 M 
.A ~&. 
Exposed 80 Minutes 
19 
Fig. 5.-The effect of different types of ilreezers and different drawing 
temperatures -on the stability of ice cream containing 10% sucrose and 5% 
dextrose, 10 per cent fat, 13 per cent serum solids' .. 
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a'i·T1·•iu\·1 
<.;Hil .\1 -.1 11 I.I I" 
231'" 
A .& . 
Fig. 6.-The effect of different types of freezers and different drawing 
'temperatures on the stability of ice cream containing variable increments 
of dextrose. 
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The Relation of Differen:t Types of Freezers and Differen:I: 
Drawing Temperatures :to Crystalline S:truc:ture o·f 
Ice Creams Containing Variable Increments 
of Dextrose 
21 
Photomicrographs of the ice creams in each series are shown 
in Figure 7. It is apparent in. all series that the ice creams which 
were frozen in the batch freezer and drawn at 26 degrees Fahren-
heit have a coarse crystalline structure. The ice creams frozen 
in the batch freezer and drawn at 26 degrees Fahrenheit show a 
characteristic elongated, coarse ice crystal whereas the two ice 
creams frozen in the batch freezer and drawn at 25 degrees 
Fahrenheit do not show this type of ice crystal formation. Even 
though the freezing points of the two mixes which were drawn 
at 25 degrees Fahrenheit were lower than the two mixes drawn 
at 26 degrees Fahrenheit the difference in ice crystal structure 
can be attributed to the variation in drawing temperature. 
There is a definite trend in reduction in the size of ice 
crystals as the drawing temperature is lowered and as the 
change is made from the batch to the continuous freezer. Dif-
ferences in ice crystal size between series when a drawing 
temperature of 24 or 23 degrees was used in the batch freezer 
or when 24 degrees was used in the continuous freezer are too 
slight to be significant. The ice cream containing 15 per cent 
sucrose, which was frozen in the continuous freezer and drawn 
at 22 degrees Fahrenheit, has smaller ice crystals, than the cor-
responding ice creams containing different increments of dex-
trose. 
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Fig. 7.-The effect of different types of freezers and different drawing 
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The Rela:l:ion of Differen:t Freezers and Differen:I: Drawing 
Temperatures :l:o :the Residues of Completely Melted 
Ice Creams Con:l:aining Variable Increments 
of Dextrose 
The residue of the ice creams used in the stability studies 
are shown in Figure 8. A comparison of Figures 6 and 8 indicates 
that the ice creams having the smoothest, and most rapid melt-
downs had the least amount of residue. Ice creams which seem 
to be the most desirable are those that meltdown most completely 
within a reasonable period of time. The ice creams containing 
dextrose seemed to melt down more completely than the ice 
creams containing only sucrose. 
VARIABl-E DEXTROS~ CO,"\TENTS 
DEXTIWSF, n:, 
SUCHt)Si'. IS'-
VARI ABLE DEXTROSE CO!\TE!\TS 
VARIABLE DEXTROSE CONTENTS 
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··" '24'F 
V AR.IABLE .OEXTROSE CONTENTS 
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SUCk<>~l~. w:. 
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Sf<:Rt '.\ l Stll JDS !]",; 
24'F c ~ c);-..;T !SCO US 
Fig. 8.-The effect of different types of freezers and different drawing 
temperatures on the residues of ice cream containing variable increments 
of dextrose. 
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CONCLUSIONS 
1. The replacement of sucrose with variable increments of 
dextrose in the ice cream mix has no significant effect on 
the acidity, pH, viscosity, or specific gravity of the mix. 
2. Ice creams frozen in the batch freezer have a somewhat 
colder sensation when consumed than do ice creams from 
the same mix and frozen in the continuous freezer. This 
difference in the ice creams can be attributed to the dif-
ference in the amount of water frozen in the respective 
freezer and the relative size of the ice crystals and air cells. 
It should be observed that the ice creams drawn from the 
batch freezer and continuous freezers were most stable 
when drawn at the lowest temperative for each respective 
freezer. 
3. Macroscopic photographs show that ice creams frozen in 
the continuous freezer have a finer and closer texture than 
do the ice creams frozen in the batch freezer. 
4. Increasing the serving temperature from 4 to 8 degrees 
and from 8 to 12 degrees Fahrenheit respectively seemed to 
increase the average weight of ice cream per disher and 
decrease the number of dishers obtainable from a given 
quantity of ice cream. 
5. It was observed that ice creams containing dextrose were 
slightly less sweet than ice creams containing all sucrose 
although this difference was not very apparent until one-
third replacement of sucrose was made. 
6. The stability of the ice creams or their resistance to melt 
down temperatures seems to be related to the amount of 
dextrose present. The fact that there is .some difference in 
the freezing point of ice creams containing only sucrose 
and ice cream to which different increments of dextrose 
have been added might, in part, explain the difference in 
the stability of these ice creams. 
7. The ice cream containing only sucrose and drawn from 
the continuous freezer at 22 degrees Fahrenheit had smaller 
ice crystals than the comparable samples of ice cream 
containing dextrose. It is probable that the smaller ice 
crystals in the sucrose ice cream may be due to the fact 
that this mix had a higher freezing point than the mixes 
containing dextrose and, at the same drawing temperature, 
a larger percentage of the water was frozen in the sucrose 
mix than in the dextrose mix. 
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8. The drawing temperature of ice creams is an important 
factor inasmuch as it affects the crystalline structure of ice 
cream. As shown by microscopic studies of thin sections 
of ice creams, the lowering of the drawing temperature of 
ice creams frozen in the batch and continuous freezers 
affects the ice crystal and air cell size of the resultant ice 
creams. Smaller ice crystals and air cells result in a more 
prominent flavor, smoother body and a finer and closer 
texture. When a drawing temperature of 24 degrees Fahren-
heit was applied in drawing ice cream from the batch and 
continuous freezers there is no marked differenc.e in · the 
body and texture in the resulting ice creams. An improve-
ment resulting from lowering the drawing temperature on 
each type of freezer was also noted. 
9. With each additional increment of dextrose, it seems desir-
able to lower the drawing temperature of the ice cream. 
10. This investigation indicates that the properties of ice creams 
containing variable increments of dextrose when compared 
with ice creams containing all sucrose are not appreciably 
affected by variations in the freezing procedure introduced 
by the use of different types of freezers and different draw-
ing temperatures. 
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